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DETAILED ACTION 



1. Applicant's arguments with respect to amended claims 1-45, filed 05/16/2005, have been 
considered but they are moot in view of new ground(s) of rejection. 



Claim Rejections - 35 USC § 103 
The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 



A. State of the art 

a. Memory cells are arranged into arrays : at the time the invention was made, 
resistive memory cells were normally arranged into an array together with x-direction lines and 
y-direction lines, and each of the memory cells was arranged at each of the intersection of the x- 
direction lines and the y-direction Hnes so as each individual cell could be utilized individually. 
One such cross-point memory array is disclosed by Hsu et al. U.S. Patent 6,693,821 (the *821 
reference), cited in a previous office action. The '821 reference discloses in Fig. 5 a memory 
device 10 comprising memory cells arranged at each of the intersection of the x-direction lines 
14 and the y-direction lines 18 so as each individual cell could be utilized individually. 
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b. Memory device with a steering (non-linear selection^ device : at the time the 
invention was made, a simple steering . device, such as a diode - rather than a transistor - as a 
design selection, was fabricated in series with a memory cell so as to obtain a simple structure 
with only two terminals per cell. Such a system is disclosed by Monsma et al U.S. Patent 
6,331,944 ('the '944 reference, Figs. 1-2 and column 3, lines 3-28). The '944 reference discloses 
a memory device with a steering device 13/14 and simple electrode structures 15/16 and 22: 




c. Memory device with elaborate bottom electrode structures : at the time the 
invention was made, bottom elaborate electrode structure including a diffusion barrier layer and 
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a seed and or seed/template layer was chosen, as a matter of simple design selection, so as, as the 
labels suggest, to provide a diffusion barrier preventing diffusion of undesirable materials onto 
underlying, previously formed layers and to provide a seed/template layer from which overlying, 
later formed layers are formed. Such a memory device is disclosed by Slaughter et al. U.S. 
Patent 6,544,801 (the '801 reference), cited in a previous office action. The '801 reference 
discloses a memory system including a memory cell 50 comprising a bottom electrode structure 
54 having a metal layer 72, a diffusion barrier layer 74, a seed layer 76, and a template layer 78. 



c 



////////////////////////////////i -J, 




54 



FIG. 7 



d. Memory device with simple top electrode structures : at the time the invention was 
made, it was known to chose a low-processing-temperature material for the top electrode so as to 
minimize the diffusion of the top electrode material into the previously formed underlying 
memory layer. Such a memory device with a simple top electrode is disclosed by Gudesen et al 
U.S. Patent Apphcation Publication 20030179617, paragraph [0077]. 
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2, Claims 1-4,7-10,25 and 28 are rejected under 35 U.S.C. 103(a) as obvious over Hsu et 
aL U.S. Patent Application Publication 20040235247 (the *247 reference) in view of Hsu et al. 
U.S. Patent 6,693,821 (the '821 reference). 

Referring to claims 1, 3-4, 10, 25, and 28, the '247 reference discloses a memory device, 
comprising: 

a substrate (inherent) having a deposition face; 

a multi-resistive state memory cell, wherein at least a portion of the memory cell is 
formed using high temperature processing at a first temperature (paragraph [0036], the 
crystalline portion), and each of the memory cells includes at least two EPVR (electrical pulse 
various resistance) conductive metal oxide layers that are not identical to each other (paragraphs 
[0009], [0024]-[0026], layers 404 and 406; specifically, the reference discloses: "EPVR first and 
second layers 404/406 are a material such as CMR, HTSC, or perovskite metal oxide materials", 
emphasis added, and "layer 404 having a polycrystalline structure EPVR. . . . second layer 406 is 
adjacent the first layer 404, having either a nano-crvstalline or amorphous structure", emphasis 
added); 

a bottom refi-actory metal layer (402) that has a melting point above the first temperature, 
parallel to the deposition face of the substrate, patterned into bottom conductive array lines; and 

a top metal layer (408), parallel to the deposition face of the substrate, the memory cell 
capable of being programmed by application of voltages through the bottom refi-actory metal 
layer and the top metal layer. 

However, the reference fails to disclose that the single memory cell is formed into an 
array of memory cells. 
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Nevertheless, as detailed above in paragraph A. a, at the time the invention was made, 
memory cells were normally arranged into an array so as to have a memory system with more 
memory capacity than a system of just a single cell, together with x-direction lines and y- 
direction lines, and each of the memory cells was arranged at each of the intersection of the x- 
direction lines and the y-direction lines so as each individual cell could be utilized individually. 

Therefore, it would have been obvious to one of ordinary skill in the art the time the 
invention was made to form the reference's memory cell into an array of cells. One would have 
been motivated to make such a change because memory cells arranged into an array provides a 
memory system with more memory capacity than a system of just a single cell. A memory 
device such modified hereinafter is simply referred to as the '247/821 reference. 

Referring to claims 7-9 and again to claim 25, although not explicitly disclosed, the 
bottom refractory metal layer 402 of a material such as Ta, Pt, , Ag, Au, or Ir (paragraph [0025]) 
(cited as "conductive lines beneath the multi-resistive state element" in claim 25, as "the first 
metal layer" in claim 33, and as "a bottom plurality of layers" in claim 44) has a melting point of 
at least 700C, is stable at 600C, and is stable at the high temperature processing. 

Referring to claim 2, the resistance of the '247 reference's programmable-erasable 
(paragraph [0007]) nonvolatile EPVR (electrical pulse various resistance) can be reversibly 
programmed to different values. 

3. Claims 5-6, 26-27, 33-37, 39-40, and 44 are rejected under 35 U.S.C. 103(a) as obvious 
over Hsu et al. U.S. Patent Application Publication 20040235247 (the '247 reference) in view of 
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Hsu et al. U.S. Patent 6,693,821 (the '821 reference) and further in view of Gudesen et al. U.S. 
Patent Application Publication 20030179617 (the '617 reference). 

Referring to claims 5-6, 26, 33-37, 39, and 44, the '247/821 reference discloses a 
memory device as claimed and as detailed above for claims 1 and 25 including the top 
refractory/noble metal layer 408 (otherwise known as the top electrode in the art, cited as "the 
second metal layer" in claim 33 and as "a top plurality of layers" in claim 44), but fails to teach 
that the top metal layer is not a refractory metal (in re claim 5), not stable at the high 
temperature, not stable at the minimum temperature required for fabrication (claim 33) (of the 
memory element), and not stable at the first temperature (claim 44) (to fabricate the memory 
element). 

However, at the time the invention was made, Gudesen teaches choosing a low- 
processing-temperature material for the top electrode so as to minimize the diffusion of the top 
electrode material into the previously formed underlying memory layer. 

Therefore, it would have been obvious to one of ordinary skill in the art the time the 
invention was made to form the top electrode layer of the '247/821 reference such that it is a 
low-processing-temperature material. One would have been motivated to make such a change 
because Gudesen teaches choosing a low-processing-temperature material for the top electrode 
minimizing the difftision of the top electrode material into the previously formed underlying 
memory layer. A memory device such modified hereinafter is simply referred to as the 
'247/821/617 reference, and a top electrode of such a device is of course of a low-processing- 
temperature material, such as aluminum or copper (in re claims 5-6 and 36-37) and not a 
refractory metal as is known, and consequently not stable at the minimum temperature required 



Application/Control Number: 10/765,406 Page 8 

Art Unit: 2818 

for fabrication of the memory element and not stable at the first temperature to fabricate the 
memory element. 

Referring to claim 27, the '247 reference's programmable-erasable (paragraph [0007]) 
nonvolatile multi-resistive state EPVR (electrical pulse various resistance) is rewritable. 

Referring to claim 40, the '247 reference's (bottom) electrode includes gold ("Au", 
paragraph [0025]). 

4. Claims 11-23 and 29-33 are rejected under 35 U.S.C. 103(a) as obvious over Hsu et al. 
U.S. Patent Application Publication 20040235247 (the '247 reference) in view of Hsu et al. U.S. 
Patent 6,693,821 (the '821 reference) and further in view of Slaughter et al. U.S. Patent 
6,544,801 (the '801 reference). 

Referring to claims 11, 23, and 29, the '247/821 reference discloses a memory device as 
claimed and as detailed above for claims 1, 10, and 25 including the bottom electrode 402, but 
fails to teach that the bottom electrode further includes a barrier layer as claimed. 

However, at the time the invention was made. Slaughter discloses a memory system 
including a memory cell 50 comprising a bottom electrode structure 54 having an electrode 
including a metal layer 72 and a diffusion barrier layer 74 so as to provide a diffusion barrier 
preventing diffusion of undesirable materials onto underlying, previously formed layers. 

Therefore, it would have been obvious to one of ordinary skill in the art the time the 
invention was made to form the electrode layer of the '247/821 reference such that it includes a 
barrier layer. One would have been motivated to make such a change because Slaughter teaches 
that a memory system including a memory cell comprising a bottom electrode structure having 
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an electrode including a metal layer 72 and a diffusion barrier layer 74 provides a diffusion 
barrier preventing diffusion of undesirable materials. A memory device such modified 
hereinafter is simply referred to as the '247/821/801 reference. 

The various materials and labels recited in claims 12-22, 30-33 for the electrode 
including the barrier/bufFer/adhesion layer, although deficient from the '247/821/801 reference, 
are known and available to one of ordinary skill in the art, therefore such selecting would have 
been obvious to one of ordinary skill in the art at the time the invention was made. For example, 
consult Ignatiev et al. U.S. Patent 6,473,332 (cited in a previous office action) for a Ust of the 
suitable materials for the electrodes and barrier/buffer/adhesion layers contains binary nitrides 
and ternary nitrides. 

5. Claims 38 and 41-42 are rejected under 35 U.S.C. 103(a) as obvious over Hsu et al. U.S. 
Patent Application Publication 20040235247 (the '247 reference) in view of Hsu et al. U.S. 
Patent 6,693,821 (the '821 reference) and further in view of Gudesen et al. U.S. Patent 
Application Publication 20030179617 (the '617 reference), and further in view of Slaughter et al. 
U.S. Patent 6,544,801 (the '801 reference). 

The '247/821/617 reference discloses a memory device as claimed and as detailed above 
for claims 1, 25, and 33 including a top metal layer that is not a refractory metal, not stable at the 
high temperature, not stable at the minimum temperature required for fabrication of the memory 
element, and is not stable at the first temperature, but fails to teach that the bottom electrode 
further includes another metal layer or conductive metal oxide layer as claimed and that 
functions as a barrier^uffer/adhesion layer. 
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However, at the time the invention was made, Slaughter discloses a memory system 
including a memory cell 50 comprising a bottom electrode structure 54 having an electrode 
including a metal layer 72 and a barrier/buffer/adhesion layer 74 so as to provide a diffusion 
barrier preventing diffusion of undesirable materials onto underlying, previously formed layers. 

Therefore, it would have been obvious to one of ordinary skill in the art the time the 
invention was made to form the electrode layer of the '247/821/617 reference such that it 
includes a barrier layer. One would have been motivated to make such a change because 
Slaughter teaches that a memory system including a memory cell comprising a bottom electrode 
structure having an electrode including a metal layer 72 and a diffusion barrier layer 74 provides 
a diffusion barrier preventing diffusion of undesirable materials. A memory device such 
modified hereinafter is simply referred to as the '247/821/617/801 reference. 

6. Claim 24 is rejected under 35 U.S.C. 103(a) as obvious over Hsu et al. U.S. Patent 
Application Publication 20040235247 (the '247 reference) in view of Hsu et al. U.S. Patent 
6,693,821 (the '821 reference) and further in view of Johnson et al. U.S. Patent 6,034,882 (cited 
in a previous office action). 

The '247/821 reference discloses a memory device as claimed and as detailed above for 
claim 1, but fails to teach that that the memory device comprises at least 2 memory arrays, 
whereby the at least 2 memory arrays are stacked upon one another. 

Johnson, in also disclosing a memory device, teaches that a memory device comprises at 
least 2 memory arrays, whereby the at least 2 memory arrays are stacked upon one another, 
increases density (Abstract). 
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Therefore, it would have been obvious to one of ordinary skill in the art the time the 
invention was made to form the '247/821 reference's memory device such that it comprises at 
least 2 memory arrays, whereby the at least 2 memory arrays are stacked upon one another. One 
would have been motivated to make such a change because stacked memory device including at 
least two stacked memory arrays increases density. A memory device such modified hereinafter 
is simply referred to as the '247/821/882 reference. 

7. Claim 43 is rejected under 35 U.S.C. 103(a) as obvious over Hsu et al. U.S. Patent 
Application Publication 20040235247 (the '247 reference) in view of Hsu et al. U.S. Patent 
6,693,821 (the '821 reference) and further in view of Gudesen et al. U.S. Patent Application 
Publication 20030179617 (the '617 reference), and further in view of Monsma et al. U.S. Patent 
6,33 1,944 ('the '944 reference). 

The '247/821/617 reference discloses a memory device as claimed and as detailed above 
for claims 1, 25, and 33 including the memory plugs, but fails to teach that each of the memory 
plugs includes a non-ohmic device as claimed. 

However, at the time the invention was made, Monsma teaches, as detailed above in 
paragraph A.c, that a simple steering device, such as a non-ohmic diode device - rather than a 
transistor - as a design selection, was fabricated in series with a memory cell so as to obtain a 
simple structure with only two terminals per cell (Figs. 1-2 and column 3, lines 3-28). 

Therefore, it would have been obvious to one of ordinary skill in the art the time the 
invention was made to form the memory plug such that it includes a non-ohmic device. One 
would have been motivated to make such a change because Monsma teaches that a memory 
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system including a memory plug having a non-ohmic diode device forms a simple structure with 
only two terminals per cell, 

8. Claim 45 is rejected under 35 U.S.C. 103(a) as obvious over Hsu et al. U.S. Patent 
Application Publication 20040235247 (the '247 reference) in view of Hsu et al. U.S. Patent 
6,693,821 (the '821 reference) and further in view of Johnson et al. U.S. Patent 6,034,882 (cited 
in a previous office action), and further in view of Gudesen et al. U.S. Patent Application 
Publication 20030179617 (the '617 reference). 

The '247/821/882 reference discloses a memory device as claimed and as detailed above 
for claim 24, comprising at least 2 memory arrays, whereby the at least 2 memory arrays are 
stacked upon one another, and wherein one of the memory arrays is a topmost array. The '247 
reference further disclose that all the all of the metal layers (i.e., electrodes), which includes all 
of the metal layers the below the topmost memory array, are refractory metal layers, but fails to 
teach that at least one metal layer above the topmost memory layer is not a refractory metal 
layer. In other words, the '247/821/882 reference fails to teach that the topmost electrode is of a 
non- refractory metal layer, or still in other words, fails to teach that the topmost electrode is of a 
low-processing-temperature material. 

However, at the time the invention was made, Gudesen teaches choosing a low- 
processing-temperature material for the top electrode so as to minimize the diffusion of the top 
electrode material into the previously formed underlying memory layer. 

Therefore, it would have been obvious to one of ordinary skill in the art the time the 
invention was made to form the top electrode layer of the '247/821/882 reference such that it is a 
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low-processing-temperature material. One would have been motivated to make such a change 
because Gudesen teaches choosing a low-processing-temperature material for the top electrode 
minimizing the diffusion of the top electrode material into the previously formed underlying 
memory layer. 

Conclusion 

9. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office Action. See MPEP § 706.07(a). 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 . 1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 . 1 36(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

10. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Tu-Tu Ho whose telephone number is (571) 272-1778: The 
examiner can normally be reached on 6:30 am - 5:00 pm. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, DAVID NELMS can be reached on (571) 272-1787. The fax phone number for the 
organization where this application or proceeding is assigned is (703) 872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or PubUc PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EEC) at 866-217-9197 (toll-free). 



Tu-Tu Ho 
June 03, 2005 




Supervisory Patent Examiner 
Technology Center 2800 




